CIRCUIT PACKAGE AND METHOD FOR MAKING THE SAME 



FIELD OF THE INVENTION 
The present invention relates to circuit packages, and more particularly to a circuit 
package for high-power semiconductor circuits. 

BACKGROUND OF THE INVENTION 

High-power circuits dissipate a signilBcant fraction of its power in the form of 
heat. The temperature of a circuit depends upon the heat generating characteristics of the 
circuit components, the heat transfer properties of the circuit package, and the 
temperature of the surrounding environment. As the temperature of a circuit component 
approaches the operating temperature limit, the performance of the circuit component 
substantially degrades. More specifically, operating a circuit at high temperatures 
reduces its operating life-span, causes it to operate at slower speeds, and causes it to 
produce other non-ideal operating characteristics. As can be appreciated by one of 
ordinary skill in the art, the operating temperature of a circuit can be reduced by 
enhancing the heat dissipation properties of a circuit package housing the circuit. 

As known by one of ordinary skill in the art, heat dissipation from circuit 
packages can be enhanced by the use of externally mounted metallic heat sinks. One 
example of a circuit package utilizing an attached heat sink is shown in U.S. Patent 
No. 5,517,058, to Temple. Heat sinks such as those disclosed in Temple are typically 
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made of alviminum or aluminum alloy and are attached to the top surface of a molded 
plastic circuit package by mechanical means and/or with a thermally conductive adhesive. 

Although externally mounted heat sinks may enhance the heat dissipation of a 
circuit package, external heat sinks are not suitable for many applications. For instance, 

5 in circuit designs where circuit packages are closely aligned or enclosed in a small 
housing, external heat sinks complicate design efforts and often resiilt in added cost and 
wasted space. External heat sinks also present many other design complications because 
they substantially increase the dhnensions and weight of a circuit package. 

As also known in the art, heat dissipation from a circuit package may also be 

10 increased by the use of a material having suitable heat transfer properties. For instance, 
as shown in European Patent EP 0767495B1 to Sono et al., the bulk of a circuit package 
consists of a resin. In such designs, the heat dissipated by the circuit component 
encapsulated in the resin may be enhanced by providing additional thermal pathways 
from the individual circuit components to the external environment. Although these 

15 generally known designs may enhance heat dissipation of a circuit package, such designs 
also rely on a heat sink to draw the generated heat away from the circuit components and 
circuit package itself Such prior art circuit packages present design complications 
similar to those described above. 

As summarized above, is can be appreciated by one of ordinary skill in the art that 

20 there is a need for a circuit package with improved heat dissipation properties, and a 
design that consumes less space. 

SUMMARY OF THE INVENTION 
The present invention provides a circuit package for high-power semiconductor 
25 circuits such as an H-bridge. The circuit package improves the thermal management of 
heat generated by a circuit enclosed in the circuit package. A plurality of shaped leads 
allow the circuit package to stand in an upright position when mounted on an external 
circuit board, thereby reducing the amount of space consumed by the circuit package. In 
addition, one embodiment of the present invention reduces flux creepage between the 
30 leads of the circuit package by the use of a shaped cavity formed in the bottom surface of 
the circuit package. 
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In one embodiment, the circuit package comprises two circuit boards positioned in 
different planes, at least one brace affixed between the two circuit boards, a molded 

housing enclosing an area between the circuit boards, and a plurality of electrically 
conductive flanges extending from at least one edge of each circuit board. The plurality 
of conductive flanges are positioned to extend from the sides of the circuit package. The 
brace also provides electrical communication between the circuit components mounted on 
each circuit board. 

In one specific embodiment, the circuit package comprises two circuit boards that 
are positioned in a side-by-side orientation to form an A-fi-ame structure, where two brace 
members affix the two circuit boards together near the top of the A-fi:ame. In this 
embodiment, the two circuit boards each have a conductive layer disposed on one side of 
each circuit board. The two circuit boards are oriented such that the surfaces having the 
conductive layer are facing one another. A plurality of circuit components, such as a 
plurality of switches and/or semiconductors, are soldered to the conductive layers of each 
circuit board. A plurality of conductive flanges, also refen^ed to as leads, are affixed to 
the conductive layers of the two circuit boards near the base of the A-frame. The 
conductive flanges are positioned to extend from at least one edge of each circuit board. 
The conductive flanges are configured to hold the circuit package on an external surface, 
such as an extemal circuit board, in an upright position. The conductive flanges are also 
electrically connected to the conductive layer of each circuit board, which allows the 
circuit components to communicate with an extemal circuit board on which the circuit 
package is mounted. In addition, this embodiment comprises a molded material formed 
to fill the volume between the two circuit boards of the A-fi-ame structure. 

In another specific embodiment, the circuit package comprises two circuit boards 
each having a conductive layer disposed on one side of each circuit board. In this 
embodiment, the circuit boards are oriented such that the sides having the conductive 
layer are opposed to one another. In this embodiment, the two circuit boards are affixed 
to one another by a brace, which also ftinctions as a conductor between a plurality of 
circuit components moimted on the conductive layers of each circuit board. A plurality 
of leads are affixed to the conductive layers, and are oriented to extend from at least one 
edge of each circuit board. The plurality of leads are configured to hold the circuit 
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package in an upright position when moimted on an external circuit board. The plurality 
of leads are electrically connected to the conductive layer of each board to allow the 
circuit components of each circuit board to communicate with the external circuit board 
on which the circuit package is mounted. In addition, this embodiment comprises a 

5 molded material formed to encapsulate the two circuit boards and the plurality of circuit 
components mounted thereon. 

In yet another embodiment, an H-bridge circuit is configured on the circuit boards 
of the circuit package. The H-bridge circuit can be formed into a number of 
configurations having a plurality of switches. For instance, a switch can be any switching 

0 device such as a bipolar junction transistors (BJT), silicon controlled rectifier (SCR), or 
insulated gate bipolar transistors (IGBT). In one specific configuration, the H-bridge 
circuit comprises four SCR's, where two SCRs are each mounted on the first and second 
circuit boards. In another specific embodiment, the H-bridge circuit comprises three 
SCR's and one IGBT, where two SCR's are mounted on the first circuit board and an 

5 IGBT and SCR are mounted on the second circuit board. Other alternative embodiments 
utilize other combinations of IGBTs and SCRs configured on each circuit board of the 
circuit package. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 The foregoing aspects and many of the attendant advantages of this invention will 

become more readily appreciated as the same become better understood by reference to 
the following detailed description, when taken in conjunction with the accompanying 
drawings, wherein: 

FIGURE lA is a top front perspective view of a circuit package in accordance 
25 with the present invention; 

FIGURE IB is a bottom back perspective view of the circuit package shown in 

FIGURE lA; 

FIGURE 2 is a top view of a circuit board assembly in accordance with one 
embodiment of the present invention, the circuit board assembly comprising two circuit 
30 boards joined by two braces; 
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FIGURE 3A is a bottom perspective view of the circvdt board assembly of 
FIGURE 2 having formed contact leads attached thereto; 

FIGURE 3B is a top perspective view of the circuit board assembly depicted in 
FIGURE 3A; 

FIGURE 4A is a top front perspective view of a brace used in the construction of 
the circuit board assembly depicted in FIGURE 2; 

FIGURE 4B is a top view of the brace depicted in FIGURE 4A; 

FIGURE 4C is a top front perspective view of a formed brace used in the 
construction of the circuit board assembly; 

FIGURE 4D is a bottom view of the formed brace depicted in FIGURE 4C; 

FIGURE 5A is a top front perspective view of a formed circuit board assembly 
having formed contact leads and two formed braces; 

FIGURE 5B is a bottom back perspective view of the formed circuit assembly 

depicted in FIGURE 5 A; 

FIGURE 6 is an end section view of one embodiment of the circuit package 
having two circuit boards in an A-frame configuration; 

FIGURE 7 is an end section view of another embodiment of a circuit package 
having two joined circuit boards; 

FIGURE 8 is an end section view of one embodiment of the circuit package and a 
mold utilized in the construction of the circuit package; 

FIGURE 9A is a top view of one embodiment of a circuit board assembly 
configured with an H-bridge circuit; 

FIGURE 9B is a schematic diagram of the circuit depicted in FIGURE 9A; 

FIGURE 1 OA is a top view of another embodiment of a circuit board assembly 
configured with an H-bridge circuit having three silicon controlled rectifiers and one 
insulated gate bipolar transistor configured on the circuit board assembly; and 

FIGURE 1 OB is a schematic diagram of the H-bridge circuit depicted in 
FIGURE lOA. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention provides a circuit package for high-power semiconductor 
devices such as an H-bridge. The circuit package improves the thermal management of 
heat generated by the circuit enclosed in the circuit package. By the use of a plxirality of 
shaped leads that hold the circuit package in an upright position, the circuit package also 
provides a structure that consumes less space w^hen mounted on an external circuit board. 

With reference to FIGURES lA and IB, one embodiment of a circuit package 100 
includes a molded housing 101 having a top surface 102, bottom surface 108, and four 
walls 103-106 extending at an angle between the top surface 102 and the bottom surface 
108. The two sidewalls 105 and 106 of the circuit package 100 are formed from exposed 
surface areas of two circuit boards configured in the circuit package. In one embodiment, 
the circuit board is made from a single-sided direct copper bonding (DCB) circuit board, 
where the non-copper side of the circuit board is exposed to the exterior surface of the 
circuit package. The two end walls 103 and 104, the top surface 102, and the bottom 
surface 108 are formed from an injected molded plastic. In one embodiment, the injected 
molded plastic is configured to form an exterior surface that is flush with the exposed 
surface of the two circuit boards. 

The circuit package 100 ftirther comprises a number of electrically conductive 
flanges 110 extending from each sidewall 105 and 106. In one embodiment, the 
electrically conductive flanges 110 are positioned along the bottom edge of each 
sidewall 105 and 106, In this embodiment, the electrically conductive flanges 110 are 
bent in a curved shape forming a "J" configuration. Also shown in FIGURE IB, one 
embodiment comprises a cavity 109 formed into the bottom surface 108 of the circuit 
package 100. As depicted in FIGURE IB, the cavity 109 is formed into an elongated 
grove that extends between the first and second ends 104 and 103 of the circuit 
package 100. The housing 101 is preferably made from a durable, resistive material, such 
as injected molded plastic, resin, or the like. The electrically conductive flanges 1 10 can 
be made from a conductive material such as copper. 

FIGURE 2 illustrates one embodiment of a circuit board assembly 200 utilized in 
the construction of the circuit package 100. The circuit board assembly 200 comprises a 
first circuit board 201, a second circuit board 202, and at least two braces 204 that affix 
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the first circuit board 201 to the second circuit board 202. As shown in FIGURE 2, each 
circuit board 201 and 202 has a plurality of shaped conductive contacts 210-219 etched 
onto the top surface of the first and second circuit boards 201 and 202. As described in 
more detail below, the shaped conductive contacts 210-219 of this illustrative 
embodiment are configured to accommodate components of a circuit such as an H-bridge. 
Although this illustrative example involves the implementation of a circuit in the form of 
an H-bridge, the circuit package 100 and circuit board assembly 200 of the present 
invention can also be configured to accommodate other circuits. 

Also shown in FIGURE 2, the circuit board assembly 200 also comprises a first 
flange assembly 220 and a second flange assembly 221. In this illustrative embodiment, 
the first and a second flange assembUes 220 and 221 comprise a plurality of elongated 
members 222. In one embodiment, the plurality of elongated members are aligned such 
that each elongated member 222 is parallel to one another. In this embodiment, a 
temporary brace is formed to affix the elongated members 222 of an individual flange 
assembly to one another. Also shown in FIGURE 2, each elongated member 222 is 
connected to at least one contact of the circuit boards 201 and 202. As will be described 
in more detail below with reference to FIGURES, the first and second flange 
assemblies 220 and 221 are used to hold the circuit package 100 in place during the 
application of an injection molded plastic. 

The shaped conductive contacts 210-219 can be made of a conductive material 
such as copper. In one example, the first and second circuit boards 201 and 202 can be 
made from a direct copper bonding (DCB) circuit board. As can also be appreciated by 
one of ordinary skill in the art, the conductive contacts 210-219 can be etched into any 
shape or form to accommodate a number of circuit configurations. The conductive 
contacts 210-219 can be formed by any commonly known etching process. For instance, 
in one embodiment, a patterned mask can be positioned over a continuous copper layer 
disposed on a circuit board. An effective etchant, such as sulfuric acid (H2SO4) may be 
used to create the shaped conductive contacts 210-219. As also can be appreciated by 
one of ordinary skill in the art, the first and second circuit boards 201 and 202 can be 
made from any known ckcuit board or substrate material, such as beryllium oxide (BeO). 
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Referring now to FIGURES 3A and 3B, two perspective views of the circmt 
board assembly 200 having shaped leads 110, are shown and described. As shown in 
FIGURE 3 A, the bottom surface of each circuit board 201 and 202 forms a substantially 
flat surface. As shown in FIGURE 3B, the top surface of each circuit board 201 and 202 
comprise the plurality of conductive contacts 210-219, and a plurality of leads 110 and 
braces 204 attached thereto. In this illustrative embodiment, the circuit board 
assembly 200 is formed from the circuit board assembly 200 shown in FIGURE 2. The 
circuit board assembly 200 comprises portions of the first and second flange 
assemblies 220 and 221, where the elongated members 222 of the flange assembUes 220 
and 221 are cut to a desired length, thereby forming the leads 110 of the circuit board 
assembly 200. 

As shown in FIGURES 3A and 3B, the elongated portions of the flange 
assemblies 220 and 221 are cut so that each elongated member individually connects to a 
shaped conductive contact on the first and second circuit boards 201 and 202. 
Accordingly, once the elongated members of the flange assemblies 220 and 221 have 
been cut, the elongated members form a plurality of independent leads. Once cut to a 
desired length, each elongated member is shaped into a "J" configuration, where the end 
of each elongated member forms a curve that is directed toward the top surface of each 
circuit board. The portion of each lead adjacent to the circuit board may also be bent 
toward the bottom surface of each circviit board 201 and 202. 

FIGURES 4A and 4B show one embodiment of a brace 204 utilized in the 
construction of the circuit board assembly 200. Generally described, the brace 204 
comprises a body 401 that is shaped into an elongated member. As shown in 
FIGURE 4 A, one embodiment of the brace 204 includes an aperture 410 formed through 
the top end of body 401. Opposite the aperture 410, a notch 408 may be cut into the end 
of the body 401. The notch 408 separates two leg portions 407 and 409 that extend in 
opposite directions from the sides of the body 401. The notch 408 is sized such that the 
length of the notch may be approximate to the width of each leg portion 407 and 409. 
Also shown in FIGURES 4A and 4B, the brace 204 also comprises two arm portions 403 
and 405 that extend in opposite directions from the sides of the body 401. In this 
embodiment of the brace 204, the arm portions 403 and 405 extend in the same plane as 
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the two leg portions 407 and 409. The brace 204 may also comprise areas of etched 
metal that form joints 402 and 404 that separate each arm portion 403 and 405 from the 
body 401. As can appreciated by one of ordinary skill in the art, the brace 204 may be 
formed from any conductive material such as copper, aluminum, steel or other conductive 
materials. In one embodiment, the brace 204 is formed by a stamping process that creates 
the brace 204 from a flat sheet of metal. 

FIGURES 4C and 4D show perspective and top views of a formed brace 204'. As 
shown in FIGURES 4C and 4D, the formed brace 204' is made from the brace 204 shown 
in FIGURES 4A and 4B. More specifically, the formed brace 204' is made by applying a 
series of cold metal bends to the brace 204 shown in FIGURES 4A and 4B. In one 
embodiment, the formed brace 204' is made by bending the arm portions 403 and 405 
toward the top surface of the brace 204'. In this embodiment, the cold metal bends are 
formed such that the joints 402 and 404 form a bend having a radius of 0.5 mils. In 
addition, the formed brace 204' comprises a cold metal bend near the midsection of the 
body 401. In this embodiment, the bottom portion of the body 401 is bent towards the 
top surface of the formed brace 204'. The cold metal bend formed in the midsection of 
the body 401 may have a radius of approximately 0.5 mils. 

Referring now to FIGURES 5A and 5B, two perspective views of a formed circuit 
board assembly 200' having formed braces 204' are shown and described. In one method 
for forming the circuit board assembly 200' having formed braces 204', the braces 204 
(FIGURE 2) are soldered to at least one conductive contact on each circuit board 201 and 
202. Once the braces 204 are connected to the circuit boards, cold metal bends are 
created in tide braces 204 by rotating the first and second circuit boards 201 and 202 
around the brace 204 such ihat the conductive contacts of each circuit board face one 
another. As shown in FIGURES 5 A and 5B, the formed braces 204' are bent at the jomts 
402 and 404 of each arm extending from the body of the brace 204'. In addition, the 
center of the formed brace 204' is bent at an angle, thereby allowing the two leg portions 
407 and 409 to extend between the first and second circuit boards. The leg portions 407 
and 409 are configured to function as a flexible spacer between the two circuit boards, 
which reduces the amount of stress applied to the circuit boards when the circuit boards 
are compressed toward one another. The flexible characteristic of the leg portions 407 
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and 409 assist the injection molding process, as described below with reference to 
FIGURE 8. 

Referring now to FIGURE 6, an end section view of one embodiment of the 
circuit package 100 is shown and described below. This end section view illustrates the 
relative position of the top portion of the brace 204, the first and second boards 201 and 
202, the circuit components 250, the leads 1 10, and the molded housing 101. As shown 
in FIGURE 6, the molded housing 101 is formed to fill the volume between the first and 
second circuit boards 201 and 202. In addition, the molded housing 101 is also shaped to 
form a cavity 109 that extends into the bottom surface 108 of the circuit package 100. In 
this embodiment, the exterior surface of the molded housing 101 is formed to create a 
flush surface with the exterior surfaces of the first and second circuit boards 201 and 202. 
Accordingly, at least one surface of each circuit board 201 and 202 is exposed to the 
external environment surroimding the circuit package 100. 

As shown in FIGURE 6, the circuit components 250, housed in the circuit 
package 100 are enclosed in the molded housing 101. Also shown in FIGURE 6, the 
electrically conducted flanges 110 are configured to extend from the sides of the circuit 
package 100. The electrically conducted flanges 110 are also curved in an inward 
direction to create a structure that holds the circxxit package 100 in an upright position 
when mounted on an extemal surface 601 . 

Referring now to FIGURE 1, another embodiment of a circuit package 700 is 
shown. In this embodiment, the circuit package 700 comprises a first circuit board 703, a 
second circuit board 705, a plurality of circuit contacts 710, a brace 702, and a plurality 
of electrically conducted flanges 110. As shown in the end section view of FIGURE 7, 
this embodiment further comprises a housing 701 made from a molded plastic that forms 
a protective barrier around the circuit components 250, the circuit boards 703 and 705, 
the conductive layers 710 etched on the circuit boards, and the brace 702. In this 
embodiment, each circuit board 703 and 705 may be made from any of the circuit board 
materials listed above, such as a single-sided direct copper bonded circuit board. 

As shown in FIGURE 7, the first and second circuit boards 703 and 705 are 
positioned together by joining the non-copper surfaces of each circuit board 703 and 705. 
In this embodiment, the brace 702 is formed into a U-shaped clamp that is configured to 
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receive the first and second circuit boards 703 and 705. The brace 702 holds the circuit 
boards together and functions as a conductor between the circuit contacts 710 of each 
circuit board. Similar to the circuit package 100 depicted in FIGURE 1 A, this 
embodiment comprises a housing 701 that is formed by an injection molding process. 

Referring now to FIGURE 8, one embodiment of a mold 800 utilized in the 
construction of a circuit package 100 is shown and described below. Generally 
described, the circuit package 100 is formed by first positioning a formed circuit board 
assembly, such as the embodiment illustrated in FIGURE 5 A, in a mold suited for plastic 
injection molding. Once positioned, a plastic or resin filling material is applied to the 
mold, thereby filling the area intemal to the circuit board assembly. The mold is 
configured to form a plastic housing around the ends of the circuit board assembly. In 
one embodiment, the mold allows the plastic or resin to fill the area intemal to the circuit 
board assembly without covering the exterior surfaces of the circuit boards. The exterior 
surface formed by the plastic or resin may be configured to form a flush surface with the 
exterior surface of each circuit board. 

In one embodiment, a manufacturing process for forming a circuit 
package employs the use of a first mold 801 and a second mold 803. As shown in the end 
section view of FIGURE 8, the first mold 801 comprises a cavity 805 that is shaped and 
sized to receive a circuit board assembly 200'. More specifically, the side walls of the 
cavity 805 are configured to form a flat surface such that, when the formed circuit board 
assembly 200' is inserted into the cavity 805, the external surface area of the first and 
second circuit boards 201and 202 uniformly contact the side walls of the cavity 805. 

The second mold 803 comprises a cavity 804 shaped and sized to form the bottom 
surface of the circuit package. As shown in FIGURE 8, the second mold 803 may also 
comprise a ridge 807 formed at the bottom of the cavity 804. In one embodiment, the 
ridge 807 has a parabolic cross section positioned in the center of the cavity 804. When 
the second mold 803 is placed over the formed circuit board assembly 200' and the first 
mold 801, the center of the cavity 804 of the second mold 803 is vertically positioned 
over the center of the cavity 805 of the first mold 801. When placed together, the first 
and second molds 801 and 803 are configured to receive the first and second flange 
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assemblies 220 and 221 of the formed circuit board assembly 200' in a void configured 
between the molds 801 and 803. 

Once the first and second molds 801 and 803 are positioned around the formed 
circuit board assembly 200', a filling material, such as a resin or plastic, is injected into 
the area between the first and second circuit boards of the circuit board assembly 200'. In 
one embodiment, the filling material is fed through a conduit 850 that is channeled 
through the second mold 803. More specifically, the conduit 850 feeds the filling 
material from the exterior surface of the second mold 803, through the post 807, and into 
the interior sections of the molds 801 and 803. This configuration provides a suitable 
path for the injection of the filling material without causing undue pressure on the circuit 
boards 201 and 202 during the injection process. As described above, the formed 
braces 204' hold the first and second circuit boards 201 and 202 in position duiring the 
injection process. In addition, the formed braces 204' provide a sufficient amount of 
flexibility to reduce the stress applied to the first and second circuit boards 201 and 202 
during the injection process. 

In one aspect of the present invention, the circuit package of the present invention 
is configured to accommodate high-power circuits. For instance, in one illustrative 
example, the circuit package of the present invention is configured with an H-bridge 
circuit. For illustrative purposes FIGURES 9A-10B show two configurations of an 
H-bridge circuit: a first configuration havuig four SCR switches and a second 
configuration having three SCR switches and one IGBT switch. 

Referring now to FIGURE 9A, an illustrative example of an H-bridge circuit 
having four switches 901-904 is shown and described below. In accordance with one 
embodiment of the present invention, the device components referred to as switches 
901-904 can be in the form of a silicon controlled rectifier (SCR) switch. FIGURE 9B 
depicts a circuit schematic diagram modeling the H-bridge circuit shown in FIGURE 9A. 
As shown in FIGURE 9A, each lead of the circuit board assembly is labeled with a 
imique reference number and associated with a node of the schematic diagram shown in 
FIGURE 9B, 

In this embodiment, a first switch 901 is soldered directly onto the contact that 
forms node 5. As can be appreciated by one of ordinary skill in the art, the bottom 
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surface of each switch forms the collector of the device. Accordingly, the collector of the 
first switch 901 is electrically connected to the contact that forms node 5. In this 
illustrative example, the base of the first switch 901 is electrically connected to node 6 by 
the use of a jumper. The emitter of the first switch 901 is electrically connected to the 
5 contact that forms node 7. 

Also shown in FIGURES 9A and 9B, the collector of the second switch 902 is 
soldered to the contact that forms node 5, and node 5 is electrically coimected to the 
collector of the second switch 912 via the brace. Also shown, the base of the second 
switch 902 is connected to the contact that forms node 1, and the emitter of the second 
10 switch 902 is electrically connected to the contact that forms node 2. The collector of the 
O third switch 903 is also electrically connected to the contact that forms node 2. In 

£j addition, the base of the third switch 903 is electrically connected to the contact that 

't! forms node 3, and the emitter of the third switch 903 is electrically connected to the 

111 contact that forms node 4. The collector of the fourth switch 904 is correspondingly 

15 soldered to the contact that forms node 7. Accordingly, the drain of the fourth switch 904 
is electrically connected to the contact that forms node 7, and the base and emitter of the 
ffl fourth switch 904 are respectively connected to nodes 8 and 4. In one mode of operation, 

a positive voltage is applied to node 5 and a ground or negative voltage is applied to node 
4. Nodes 7 and 2 represent the output of the H-bridge circuit. 
20 Referring now to FIGURES lOA-lOB, another embodiment of an H-bridge circuit 

having three SCR switches 911-913 and one IGBT switch 914 is shown and described 
below. As shown in FIGURES lOA-lOB, the collector of the first switch 911 is soldered 
directly onto the contact that forms node 5. With reference to the first circuit board 201, 
the base of the first switch 91 1 is electrically connected by a jumper lead that forms an 
25 electrical contact with node 6. The emitter of the first switch 911 is electrically 
connected to the contact that forms node 7. 

Similarly, the collector of the second switch 912 is soldered to the contact that 
forms node 5. Also shown, the base of the second switch 912 is electrically connected to 
the contact that forms node 1, and the emitter of the second switch 912 is electrically 
30 connected to the contact that forms node 2. With reference to the third switch 913, the 
collector is electrically connected to the contact that forms node 2, In addition, the base 
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of the third switch 913 is electrically connected to the contact that forms node 3 and the 
emitter of the third switch 913 is electrically connected to the contact that forms node 4. 
The drain of the IGBT 914 is soldered to the contact that forms node 7, and the gate and 
source of the IGBT 914 are respectively connected to nodes 8 and 4. In one mode of 
operation, a positive voltage is applied to node 5 and a ground or negative voltage is 
applied to node 4. Nodes 7 and 2 represent the output of the H-bridge circuit. 

Although the above illustrative example H-bridge circuits has been used to 
illustrate various aspects of the present invention, the circuit package and circuit board 
assembly of the present invention can be utilized with many other circuit configurations. 
In addition, the circuit package and circuit board assembly of the present invention can be 
modified to accommodate different embodiments of an H-bridge circuit as shown in 
commonly assigned U.S. Patent No. 6,175,765, the subject matter of which is hereby 
expressly incorporated by reference. 

While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein without 
departing from the scope of the invention. Similarly, any process steps described herein 
might be interchangeable with other steps in order to achieve the same result. In addition, 
the illustrative examples described above are not intended to be exhaustive or to limit the 
invention to the precise forms disclosed. 
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